The results of a comparative study of two biogas production bioprocess systems are presented. The 
Introduction
The use of anaerobic biological digestion of organic compounds for production of gas medleys, consisted mostly of methane and carbon dioxide, is well-known more than a century. Nowadays, these mixtures, called "biogas", are produced largely in many developing countries, which suffer of energy deficiency, but possessing of indispensable resources in the form of agricultural organic wastes. An important advantage for technological realizations of biogas production in these countries is the high average annual atmospheric temperatures. In developed countries, despite of their potentialities to obtain or to buy natural gas, the biogas production is developing, due to the good organized systems for organic waste collection and high level of the service staff.
The biogas production is profitable, because along with the main aim -to generate of high energy containing gas matter, simultaneously to produce "matured" natural fertilizers, rich of organic compounds of the nitrogen and phosphorus, which can be in the same time very effective remedy for the soil structure amelioration.
In addition -two very important direct positive impacts of the biological digestion on the environmental protection have to be pointed out. The first of them is the reduction of the methane emissions, generated by the uncontrollable digestion, when organic wastes are stored and no processed. еmissions of more noxious gas -methane, replacing it with carbon dioxide. This process occurs in the biogas consumers, where the methane is oxidized to carbon dioxide -a gas, which is not so harmful for the Earth atmosphere. The second positive effect is provided by the possibility to digest the complicated mixtures of organic wastes in water media and in such a way to participate in wastewater treatment. Sometimes even it seems that namely this advantage is the most important, because along with its principal role in biogas production, its positive impact on the environmental protection is now so immediate and topical, which could transform it to the main aim of the biotechnologies for waste water treatments from organic contaminants. If all these numerous advantages are included in the economics calculation, the biogas production could be accepted as profitable.
The versatility of biogas production is the main reason of the incessant interest to this type of biotechnologies, because it makes possible to roster this industrial activity simultaneously as energy-saving, wasteless or renewable technologies ensuring high public commitments for their practical use. This enhances the investor interest leading to larger practical applications of this class of biotechnologies. However, as the industrial experience show the intensity of the biogas production, based usually on wide spread biotechnologies of cultivation of suspended cells, is rather low -the hydraulic retention times at 90% of digestion can reach 24 days. It makes easy to see that the processing stage of digestion of row materials -the organic wastes is the "bottle neck" of the whole biotechnological scheme. Thus, the reduction of the technological time, i.e. the acceleration of the processes of transformation of the wastes to methane, is the most important amongst all the problems of development of the biogas production in general in near future.
The analyses of "the state of the art" of these biotechnologies points out that there exist many quite different approaches to intensification of the methane production from organic wastes, which can be surveyed shortly as follows:
1. Substrate additives -the use of green biomass as tomato-plant wastes (36) , crop residues like rice straw (33), milk whey (22, 31) , onion storage waste (30) increase gas production probably by making more favorable environment for growth of microorganisms and by adsorption of substrates on the surface of additives (7) . This leads to higher substrate local concentrations and respectively -to enhancement of the local kinetics and macro-kinetics of the biogas production. These different additives can enhance the gas production between 10 and 80%. 2. Media additives -Ni-ions enhance gas production due to the activity of Ni-dependent metalloenzymes involved in biogas production (8) . 3. Bioreagents additives -Some microbial strain like actinomycetes can enhance gas production by stimulating the activity of particular enzymes which play role in cellulose hydrolysis (35 (10, 29) , which nave to guarantee the costs of capital investment for biotechnology scheme for realizing its improvement under industrial conditions. 5. Variation of operational parameters for optimization of regimes of functioning: temperature, pH, agitation, hydraulic retention time, particle size of the substrate, pretreatment of feedstocks, C:N ratio etc. (12, 22) . 6. Use other types of organizations of bioagents -in the forms of pellets (1, 27, 34) , fixed films (32), UASB (1, 24) etc. in digestion processes. Our results show that, having in mind the dependence on the aims of the biogas production and the way of organization of organic wastes collection as well as the surrounding conditions, it is possible to use various ways of industrial realizations at different technological levels, to build their successful monitoring under the conditions of "in vitro" cultivation and finally -to formulate the main requirements to bioreactor design (19) . The biotechnologies for biogas production have some peculiarities, which have been discussed in our previous works, in connection with the use of complicated mixture of organic waste (22) and with the tight links between bioprocesses, bioreactor in which they take place, and the regime of functioning (18) . It is obligatory also to take into account the dependence of bioreactor principle of functioning on the technological level of method of biogas production chosen (18, 19 It can be seen that the hydraulic retention time (HRT) of 1.7 -7 days is very short in comparison with that mentioned above (of about 24 h) well-known for biotechnology using suspended cell cultivation. The biogas production rates however are sufficient to guarantee high percentage of the methane (69.8 -77.0% vol.) and rather good gas yield at these HRT. The similar information about the efficiency of the biofilm implementations can be found during the last two decades, which allows conclude that biofilm technologies are amongst the most perspective for improvement of biogas production nowadays. The results from Table 1 , obtained on different substrates and biofilm carriers, are very impressive and hopeful, but not adequate to make definitive conclusions about the priority of biofilm technology over the suspended cell culture cultivation.
All these defied our interest to investigate the effectiveness of realization of biogas production in biofilms, which determined the purposes of good part our studies as research activity in the field of biofilm implementations in different directions. The results of one of them which have to serve as a base for assessment of efficiency of biofilm technologies are given in the present publication.
The aim
The aim of this work it to present a comparative study of biogas production in biofilm and suspended cells under laboratory conditions in order to reveal the advantages of implementation of biofilm technology for acceleration of the transformations of the organic wastes to methane and carbon dioxide by means of spontaneously formed microbial societies.
Methodology Research concept
A comparative study demands to respect many requirements (11, 24) . It is especially important, when the subjects of investigations are of such a high level of complexity like the biogas production in biofilm or in suspended cell cultures. For this reason it is necessary to formulate the main requirements for each of the parts of experimental work for providing the necessary conditions, which can grant the correctness of the obtained results.
Considerations about the materials and methods Materials
Substrates. The choice of the substrate is of high importance for obtaining adequate experimental data. There are many rules, which have to be respected, due to the special features of substrates, used in the biogas production (22) . The substrate is one of the key parts of the experimentations that can exert very strong influence on the technological level of the production scheme, used in the industrial realization of this biotechnology (19) . Amongst the most important demands for the substrate chosen are: a) stability regarding their physical properties like density and viscosity; b) constancy of its chemical content in the time.
It is very important to keep these characteristics unchanged in rather long periods, because the experimentations can take months or even years. It is because of the great number of factors, which govern the biogas production. The studies of their influence take lot of time. The other reason is that the bioprocesses having place in the bioreactor are as a rule rather slow, which consumes also long periods of experimental time. Under such conditions the use of synthetic substrates is very attractive. As experience show the implementation of such an approach, however can mask the real picture of the biogas production processes, making the obtained information in certain degree not exact. For this reason it is better to choice substrates as similar as possible to the real ones or to use directly those, which are utilized in the large scale realizations or will be used in the projected industrial plant. This approach bears certain inconveniences, rooted in the nature of the real substrate themselves. Except for ensuring of stability and constancy of substrate properties, it is necessary to have always available well homogenized substrate consistency, produced strictly under the same standardized conditions. It is due to the existence in the row organic wastes, used for substrate preparation, granulated solid matter with rather different geometry and dimensions, which must be destroyed to the micron sizes and to be homogenized in volume. In addition, it is obligatory to keep these wastes in refrigerator with the one and the same low temperature for avoiding the biodegradation during the conservation period. Otherwise, the abovementioned substrate characteristics sometimes can be changed dramatically.
Bioagents. The biogas production occurs by means of a consortium of anaerobic microorganism, which plays the role of the bioagent in the bioreactor working zone. They are so called "biocatalyst", which exert the active impact on the substrates transforming them mainly to methane and carbon dioxide. In the great majority of cases it is stable microbial associations, spontaneously formed in the bioreactor working zone by the microorganisms, which live in the substrates used. The introduction of substrate to the working zone is convoyed with addition of new portion of "new microorganisms", which live in the row matter. This can provoke some problems, which will be outlined and discussed here below in the considerations regarding regimes of functioning.
Bioreactors. An elementary truth is that the main role of the bioreactor is the providing the appropriate conditions for expressing the uncial properties of the bioagent to carry out the bioprocesses in an effective way. For the aims of the laboratory experimentations it is important for this device to provide the conditions of gradientless system, in which all the parts are delivered uniformly with substrate, which means that all the concentrations of substrate and products, pH and temperature in each point of the working zone must be kept equal and constant. It can be realized by organizing the process of biogas production in ideally mixed tank, i.e. in the apparatus with concentrate parameters. This is not difficult to do it in the bioreactors for suspended cells cultivation. When it concerns to the biofilm reactors, the changes of nature of the whole bioprocess system are substantial, because the presence of fixed cells on the solid carrier surface modifies or can basically alter the nature of the bioagent -microbial consortium. The biofilm formation and functioning passes many stages, characterized by different space-time interactions (16, 23, 20, 21) . The biofilms themselves are self-organized biological systems existing under "in vitro" conditions in the bioreactors (13, 20, 21) , that must be taken into account in the experiment realization. Respectively it reflects to all the requirements for obtaining correct experimental data, which makes indispensable the undertaking of special measures for the realization of above formulated concept of bioreactor with concentrated parameters as the main requirements for their proper investigations. Especially it is very important in the case of the comparative investigations by putting the two different types of bioprocess systems under the same conditions. In this case it could be of benefit to use the experience in investigations of biofilm reactors with moving beds in laboratory research with aerobic bioagents (11, 15) as well as the information of the comparative research of two anaerobic bioprocess systems (palettes and UASB). Anyway it is necessary as a minimum to keep equal the main parameters of regime of functioning and what is very important -to ensure the all the conditions for the realization of the concept of the concentrated parameter apparatus. Under laboratory conditions it possible to be comply with this requirement successfully, if the volumes of the bioreactors are suitable (1-3 dm 3 ). The use of small volumes free up the laboratory experimenter from the problems of the scale-up problem, because the observation of the requirements of the concentrated parameters bioreactor allows to consider as equal two bioreactors, the volumes of which can differ up to 3-4 times. It means that it is not banned in the comparative research to use different by their volumes bioreactor in the frame of mentioned limits. substrates during regime of functioning "in continue", influence activity (positively or negatively) of the already formed bioagent -the microbial society in the working zone. This confirms once more the importance of the substrate conservation and underlines the reason to homogenize it just before introduction in the bioreactor reaction zone, which in such a way can keep the input conditions constant. In addition -it is indispensable to avoid the alterations in the bioagent provoked by the introduction of microorganisms with the new substrate quantity at the bioprocess system input other hand it is necessary to wait for the stabilization of the whole system.
From technological point of view it is very important to know how the changes of the process parameters (pH, substrate concentration, t o , mixing etc) influence the relationships between the microorganisms -participants in the microbial society of the bioagent and what these variations whey with its ability to produce biogas. From experimental point of view it means that after the change of operational parameters it is obligatory to reach steady-state of the bioprocess. For these two main reasons it is necessary to wait rather long time for reaching the stable sate of the bioprocess system as a whole. Because of that it is recommendable to organize the experimentations using continuous regime of functioning -most frequently in chemostate. It is acceptable also to carry out the comparative experiments "in feed-batch" regimes, but with very small periods and amplitudes, that allows to treat them to be quasi continuous at first approximation accepting the deviations of the input parameters as fluctuations of the input. Especially it is convenient for the slow bioprocesses like biogas production realized in the small bioreactors, where the hydraulic retention time is rather long and the mixing time is very short. Thus, the very high values in the relationships of these two very important hydrodynamic characteristics are the guarantee of high efficiency of the mixing in the bioreactors making them respectable to the requirement for providing the equal access of substrate to each point of working zone of this type of apparatuses.
Comparison of bioprocesses. It is necessary before starting the complex organization of the experimental to specify the most convenient parameter, which reflects the effectiveness of the bioprocess system for biogas production under laboratory conditions. This is very important for the experiment design, data acquisition, choice of the regime of functioning and whole experimental work organization.
Moreover, this parameter must define all the activity in connection with the subsystem of bioprocess monitoring, selection of analytical methods, way of calculations for its determination and at last -the assessment of future practical use of the biofilm technology implementation. This parameter, chosen for the comparison of the two subjects of investigation has to comprise as much as possible characteristics of the bioprocess system as a united whole consisted of the bioprocess itself, the bioreactor and the regime of functioning, i.e. has to be the true reflector of the space-time interaction of the phenomena in the working zone. At the first stages of the comparative investigations like conceived for achievement of the aim of the present study it is convenient to use the specific productivity of the bioprocess system. This is because in the calculations of specific productivity's value take part the main bioprocess system parameters like the working volume (capital investment indices), substrate input (bioprocess system total capacity), flow of produced biogas volume per day (system productivity). They are determined from the experimental data, obtained in parallel in the both subjects of investigations -the suspended cells culture and the biofilm. Determined under the same conditions, the specific productivity is rather informative due to refection of the three of the most important technical and economical characteristics of the biogas production -investments, capacity and the productivity. In addition it can serve as a basis for determination of more sophisticated parameters like biogas microkinetics research and study of the mechanisms of phenomena in the bioprocess systems with fixed film for biogas production.
Analytical methods. This part of the research activity has to provide all the condition for effective monitoring the bioprocess pf biogas production during the experimental cycles. For the comparative investigation it is not necessary to do a lot of analytical work surveying many parameters. This has to be many
Materials and Methods

Materials
Substrate. As substrate was used cow dung, which is well known and a substantial experimental experience is accumulated in the laboratory practice (22) . o C in refrigerator. The quantities of 2-3 kg were mechanically treated in high speed mixer to homogenize its in water and break into small pieces of suspended matter before introducing to the bioreactors. The received liquid was analyzed for COD, BOD, DM, ODM and VFA. This homogenized substrate contains high level of organic matter (COD 40 g/l) and dry matter 7.0%. From this basic substrate source were prepared substrates with different COD and DM by dilution with tape water.
Bioagent. According to the Research concept (see p.3) spontaneously formed mixed microbial societies have been used. As the experimental showed the start of the investigations of this study can be much more rational if inoculation with already prepared is used. Thus, the both bioprocess systems starts their functioning inoculated from the bioagent produced in another bioreactor in which the biodegradation occurs also with the same cow dung.
Bioreactors. The experiments were carried out in parallel in two anaerobic bioreactors -biofilm reactor (BFR) and classic pseudohomogeneous bioreactor with suspended cells (BRSC) each with total volume 2.0 dm 3 and working volume 
Methods
Analytical methods:
* Daily control of the following parameters: -pH control of inlet and outlet flow with electron pHmeter (produced by Seibold comp.); -volume of the biogas produced by means of graduated gas-holder; -contents of methane and carbon dioxide using gas analyzer Dreger comp. * Determination of VFA three times in the week (26); * Determination of COD as a minimum at the beginning and at the end of each cycle (3); * Determination of DM and ODM in the inlet and outlet flows at the beginning and at the end of each cycle (4); During the experiments it was not registered the variation of pH and VFA out of permissible ranges.
Calculations. Basic technological parameter -the specific productivity of the bioprocess system in continuous regime of functioning is calculated as follows:
where: Π is the productivity [ 
Results and Discussion
Preliminary experimental series Bioreactors hydromechanics tests. 1. Investigations of the character of mixing -positive result. Both bioreactors passed the tracer tests for ideally mixed apparatus. Thus, the requirement for bioreactors with concentrated parameters has been satisfied. In such a way the equal access of the substrate to the every point of the reaction zone has been granted.
Hermetic tests -very good results.
No traces the test gas under pressure out of bioreactors has been observed. It is due to the magnetic connection of the mixers with the motor's reduction gear.
3. Long period incessant functioning -positive. More than two months incessant functioning with real viscous medium without any problems of mixing at 140 min -1 and stable temperature monitoring.
Basic experimental series
The results of these series investigations with biofilm reactor (BFR) are presented on The investigations passed through four phases with inlet concentration of substrate containing 7% dry matter (DM) at various dilution rates (D). The beginning of bioprocess system functioning started with the biofilm formation at D 0,07 -0,05 day -1 in a period of 24 days. After reaching stable values of the biogas production, the bioprocess system with fixed film (BPSFF) has been investigated regarding its reaction to the changes at dilution rates consecutively from 0.05 to 0.015 day -1 . For understanding how the return of the BPSFF to a previous state influences of its mode of functioning has been investigated in period comprising 37 to 55 day at dilution rates of D 0.10 day -1 has been repeated.
On Fig. 2 is presented the content of methane and carbon dioxide in biogas for period from 32 to 55 day -the period including stabilized phase III and phase IV with dilution rates respectively -D 0.15 day -1 and D 0.10 day -1 . It can be seen that the methane content is rather high (55-60 %vol.) and stable. The change of the dilution rate from 0.15 back to 0.10 day -1 provokes sensitive disturbance in the methane content for a rather long period. It was interesting to observe the influence of the dry matter content at the input flow on the biogas production. On The first 12 days are carried out at DM 2% playing role of the transition period for investigations at the 4% DM. The biogas production increases and for next period to the end of this series of experiments it is about 0.32dm 3 /day.
For comparison of the productivities of the both systems -bioprocess system with fixed film (BPSFF) and bioprocess system with suspended cells (BPSSC) in Table 2 are given summarized results of experiments at various dilution rates and different DM at inlet substrate flow after the biofilm formation.
TABLE 2
Productivity of bioprocess systems
Findings:
1. The biofilm formation occurs with high rate-after the 20-24 days the BPSFF comes to a stable regime of functioning (Fig. 1) 
